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ABSTRACT

A surface acoustic wave (SAW) device has been developed under

AFOSR Grant No. 77-3426 for use in the nondestructive determination of the

electronic properties of semiconductors. The properties that can be

determined by this technique include the bulk and surface conductivity,

the location in the energy gap of traps, surface states, and interface

states, trap emission and absorption times and storage times in the

depletion layer. This characterization of the semiconductor could be per-

formed at progressive stages of device fabrication thereby improving yield

by identifying faulty processing steps. Preliminary investigations have

been conducted on silicon, ion-implanted silicon, gallium arsenide, indium

arsenide, gallium phosphide and cadmium sulfide. These are well documented

by 20 papers and 14 meeting presentations as listed in the report. The

technique uses surface acoustic waves on a piezoelectric substrate. The

electric field associated with the SAW interacts with free carriers of a

semiconductor placed near the piezoelectric surface. The interaction gen-

erates detectable currents in the semiconductor and attenuates the SAW.

By observing these effects while varying external parameters such as tem-

perature, applied acoustic power, SAW frequency, semiconductor surface

irradiation and bias voltage, the desired information is obtained.

This report discusses the progress made in the last year.
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1. INTRODUCTION

The research being carried out under this grant is directed toward

the development of a technique for nondestructive determination of electrical

properties of semiconductors using surface acoustic waves.

Recent developments in the field of semiconductor devices demand highly

reliable material processing techniques. This, in turn, requires increased

sophistication in monitoring the properties of the semiconductor during

processing. For example, the diminishing size and increasing packing

density necessary for silicon VLSI circuits places great importance on

detection of impurities and defects in order to maintain high yield. As

a second example, consider the high speed GaAs devices which are approach-

ing the production stage. The high electron mobility in GaAs offers a sig-

nificant improvement in operational speed for digital signal processing

with anticipated clock rates of 10 GEz or more. Since GaAs is a direct

gap semiconductor, laser diodes can be fabricated on it opening the way to

single chip integration of signal processing and light source for optical

transmission systems. But before these devices can be reliably produced

with high yield, several material and processing obstacles must be over-

come. Some of these problems may not be best solved by the conventional

techniques employed for silicon.

It is projected that the use of the surface acoustic wave (SAW) tech-

nique can provide the energy location, concentration, capture and emission

rates, and spatial distribution of energy levels within the bandgap of

various semiconductors. Investigations have been performed on silicon,

gallium arsenide, gallium phosphide, indium arsenide and cadmium sulfide.

Because of the importance of GaAs, special emphasis is being given to

anodically oxidized GaAs. The SAW technique can also be effective in
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characterizing ion implanted semiconductors. Measurements can be performed

which will detect the presence of the ion implanted layer near the semicon-

ductor surface and its effective dose, lifetime, and conductivity. The

effectiveness of annealing also can be monitored nondestructively.

Semiconductor testing using surface acoustic waves has the unique

advantage of being contactless; there is no need to form a junction or apply

a metal to the surface. It is possible to test the same sample after each

processing step without disturbing the electrical or physical properties of

the sample.

Significant progress has been made in the development of this non-

destructive semiconductor evaluation technique using SAW in the last few

years. In the last reporting year significant results have been obtained

in the general area of contactless C-V measurements using SAW-semiconductor

interaction. This is discussed in papers nos. 18 and 19 listed in the next

section. As the papers 18, 19 and 20 are not yet published, they are

included in this report.
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